Abstract-This work is devoted to creation of transport and manipulation robotic system (TMS) to work on the surface of the spacecraft. Undoubtedly, the TMS is a powerful tool in solving problems of the study of space, so it is evident that the role of space robotics is continuously increasing due to the need to develop and maintain global communications, navigation and surveillance, permanent manned and visited space stations and bases on the Moon and on the planets of the solar system. As a basic model of a transport subsystem we proposed the symmetrical structure with seven degrees of freedom. The paper describes the structure of the system and provides its kinematics. The article presents the data obtained from the simulation in the MSC.ADAMS package. Thanks to the simulation were obtained predictive characteristics and defined functions of the robotic system. This allowed us to define a technical way to create transport and manipulation robotic system to service the outer surface of the spacecraft. Also this paper deals with the grouped operation of interacting objects (manipulators). These methods of grouped operation are mainly used to control groups of mobile robots, but as specified in [1.2], the general principles of control of the group interaction do not depend on the physical nature (and moreover on the kinematic characteristics) of the interacting objects.
INTRODUCTION
Modern space robotics is a promising scientific and technical field, covering a comprehensive design, development, production and operation of robotic tools for space purposes. [3] Such systems are being actively developed and used in international space projects of the US, Canada, Japan, the European Union and Russia. Modern robotic systems differ in size, structure, purpose, methods of work and control.
Nowadays there are manipultion systems for space applications that can be used to perform a strictly limited list of technological operations. The limited range of operations is connected with fixed fastening of manipulation systems on the outer surface of the spacecraft (SC), with the complexity of their control during the EVA (extravehicular activity).
The experience of existing of the manipulation systems on the ISS shows that their capacity is not sufficient to carry out all necessary maintenance work spectrum. In some cases, the astronauts have to go into space and perform a series of complex operations manually [4] .
II. MODEL
As a basic model of kinematics of the transport subsystem we propose the use of symmetrical structure with seven degrees of freedom, shown in Figure 1 . where: 1-technological platform; 2 -elbow joint; 3 -connecting links; 4 -roll joints; 5 -pitch joints; 6 -yaw joints; 7 -grippers
The chosen structure has a kinetic redundancy because of its symmetry, which allows us to operate with both feet equally. At the same time we have the necessary degrees of freedom for positioning and orientating of the gripping. Therefore, such kinematics allows the transport and manipulation system to move on surfaces of any shape with obstacles. The symmetrical design ensures equal opportunities when operating by the right and by the left foot, and allows us to use standardized algorithms for the motion.
As manipulation subsystem we chose the manipulator with a specialized gripper and sex degrees of freedom. Six degrees of freedom is sufficient for accurate positioning of the objects and performance of the necessary functions. To develop approaches to engineering of mechatronic components of the transport and manipulation system we developed its design shape. General view of the multi-functional transport and manipulation is shown in Figure 2 . where: 1 -grippers holding for mounting on the lifting elements of the ISS; 2 -gripping multifunctional; 3 -joints; 4 -hardware unit; 5 -arm; 6 -a set of television equipment.
The modular structure of the TMS allows, if necessary, to make the transformation or reconfiguration of the robot to perform the tasks of different groups [5] .
III. SIMULATION
To perform various calculations we constructed threedimensional solid-state computer model of the TMS. The simulation was performed in the MSC.ADAMS package. The study was carried out by performing model simulations of motion and analysis of simulation results.
Simulations have shown the ability of the TMS with the selected kinematics perform the necessary tasks, in particular:
-To move on the rail of the ISS RS, considering the irregularity of their arrangement, the curvature of the surface and the presence of the mating surfaces of the ISS RS; -To overcome the gaps in the tracks of the handrails up to 1.5 m; -To carry out inspection operations at the maximum distance to the test object 2.6 m minimum; -To perform manipulation operations with a maximum distance to the test object 1.6 m minimum.
The developed TMS can be located on one handrail on different identically oriented handrails and in various differently orientated handrails (e. g, perpendicular). Therefore, an important expectation was to evaluate the elastic deformation of the corners of aluminum handrails of the ISS RS, which will have an impact on the value of the deflection angle of the TMS (Figure 3 ).
FIGURE III. MOUNTING OF THE TMC ON ONE HANDRAIL (TOP) AND TWO PERPENDICULAR HANDRAILS (BOTTOM)
As the gripper of the TMS we propose the use of one of the two variants of the fixing grippers shown in Figure 4 . We prefer the second option (right), equipped with a sixcomponent force and torque sensor; this gripper is shown in the general model of the TMS [6-8]. To solve these problems we used the principles of control drawn from the ideology of the mobile robots control.
This ideology is described in detail in [9, 10] . Let us say here that the authors applied a similar approach to control a group of robots designed to rescue people at oil platforms in case of disaster.
V. RESULTS
On the basis of the calculations the kinematic robot structure was justified and predictive characteristics of TMS were formulated (Table 1) .
TABLE I. PROJECTED CHARACTERISTICS TMS

Parameter
Forecast The number of joints, pieces 13
Power supply voltage, V 27
Maximum power consumption, W 600
Power consumption in storage mode, W 100
The capacity of an independent source of power Wh (Al) 2400 (90) + 2400 (90)
The duration of battery life, h 8
Dimensions in the folded state, mm 500 х 500 х 1200
Bridging the slopes, m min 1,5
Reach the working bodies, m min 2, 6 Currently the Central Research and Development Institute of Robotics and Technical Cybernetics carries out the work on testing a prototype model of specialized manipulation system (SMS). After that the flight model of the SMS will be developed, and later it will be tested on the ISS in real space ( Figure 5 ). These given results demonstrate the ability and determine the technical way to create a transport manipulation robotic system to service the outer surface of the spacecraft. The next step in the development of the TMS is the creation of groups of the organized TMS to perform complex operations on the outer surface of the spacecraft in space. Therefore, in the further work we should pay attention to the development of algorithms and principles of group interaction of the TMS for space. The algorithms of group interactions for terrestrial robotic tools can serve as prototypes. The work on them is carried out in the NNSTU named after R. E. Alekseev, with the support of the Ministry of Education and Science within the frames of the program «Research and development on priority directions of scientific-technological complex of Russia for 2014-2020», the unique identifier of the project: RFMEFI57414X0055.
